This research focuses on contracting firms within the construction sector. It characterizes and evaluates the composition of organizational culture using four culture types (Clan, Adhocracy, Market, and Hierarchy), the strategic approach for knowledge flow, and the success of KM systems at different hierarchical levels of contracting organizations (project and parent organization level). Responses from managers of local or overseas contracting firms operating in Hong Kong were collected using a carefully constructed questionnaire survey that was distributed through electronic mail.
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The construction industry is a project-based industry. People from different departments, professions or companies gather as a team to complete a project. The duration of a project may be from several months to years. Upon the completion of the project, this temporary group is disbanded and may never work together on other projects (Love et al. 2005) . Knowledge is created during a project, but the pool of knowledge is lost if there are no effective ways of managing it. By the same token, knowledge cannot be re-used if there is no proper channel for transferring it from one project to another.
Knowledge sharing across projects is equally important because knowledge transfers from a current to a concurrent or future project allow people to use existing proven knowledge to solve problems instead of generating knowledge anew, which can consume time (Fernie et al. 2003; Love et al. 2005 ). Overall efficiency is thereby increased, and project expenditures can be lowered. Critical factors for the success or failure of a project can also be shared as lessons learned or post-project reviews. This is especially crucial to contractors, as they are now operating in a highly competitive environment. Effective knowledge management would definitely improve the competitiveness of an organization.
The composition of a contractor firm includes the organization itself and projects.
There is no doubt that they are both equally important to an organization. Therefore, the implementation of knowledge management at these two levels is investigated. This research aims to: (1) identify the organizational values and cultural composition of contracting organizations, (2) recognize the strategic approach of knowledge flow, and (3) evaluate the degree of knowledge management success at the project and 5 organization levels.
Concept of Knowledge Management
Knowledge management emerged from the world of academia in the 90s and has become a hot issue, especially for business and technology leaders (Frappaolo 2002) .
The motivation for actively engaging in knowledge management is to improve employees' decision-making and productivity (Koenig 2002) . The concept of knowledge management is nothing new, but the terminology is new. The exact definition of knowledge management is difficult to clarify and is still the subject of an ongoing debate. There are a number of definitions of knowledge management. For example, Frappaolo (2002) identifies knowledge management as the leveraging of collective wisdom to increase responsiveness and innovation, also emphasizing the re-use of experience and practices. Cong and Pandya (2003) mention knowledge management has three basic elements: people, process and technology. Among these three elements, the percentage of effort put in is around 70%, 20% and 10%. According to Palmer and Platt (2005) , there are five stages of knowledge management: horizon scanning, awareness, understanding, implementation and monitoring. Though knowledge has to be managed, this does not imply that the objective of knowledge management is to manage all knowledge. Instead, it is to manage knowledge that is the most essential to an organization, whether it be tacit or explicit.
Many people may consider information technology (IT) as knowledge management (KM). However, the equal sign should not put between IT and KM. IT is an enabler of KM, and has undoubtedly engendered a revolution in knowledge management (Marwick 2001) . KM is something more than IT: a good database system for 6 knowledge storage is not enough, rather the critical point is the high accessibility to acquire knowledge (Chait 2000) . IT is effective in the transfer of articles, documents or data, but in certain circumstances the effectiveness increases if the transfer of knowledge is undertaken verbally, because interaction speeds up the rate of knowledge delivery and receiving.
From the beginning, it is stressed that contracting firms have a pool of knowledge that needed to be managed: knowledge in advanced machinery and technologies, the experiences of personnel involved in a project, the properties of different construction materials, or products and lessons learned as a result of managing a project.
Models of Organizational Culture
Cameron and Quinn (1999) developed a widely adopted organizational cultural framework. Organizational culture is an organization's values, assumptions and expectations (Hooijberg & Petrock 1993) . It serves as a filter through which strategies are decided and performance results (Saint-Onge 2002) . Four models of culture are determined through an organizational culture assessment instrument (OCAI) (O'Neill & Quinn 1993) . The OCAI approach uses two sets of questionnaires to assess current and ideal organizational values in six essential dimensions of culture respectively. The International Council for Research and Innovation in Building and Construction (CIB) has conducted the "OCAI-questionnaire" worldwide, including in Hong Kong, to evaluate cultures in construction processes (Tijhuis 2005) . The four models of culture are Hierarchy, Market, Clan and Adhocracy.
Hierarchy culture is considered as the earliest approach, recognized by a formalized 7 and structured working place (Cameron & Quinn 1999) . This culture emphasizes internal issues and intends to provide a stable environment to increase productivity, or to generate efficient and reliable products by setting up rules, policy or specialization.
Market culture focuses on management of external affairs. This is regarded as a results-oriented and customer-based culture. It contributes to organizational effectiveness and operates as a market. Clan culture is about people and sharing between individuals. This organizational culture concentrates on teamwork, loyalty, commitment and participation of employees. It ultimately helps human resources development. Adhocracy culture is dynamic and creative. This culture has a higher ability to assume risk and encourages employees' initiative and innovation. The organization likes to have unique products and aims at seeking new resources.
Knowledge Management Strategies
The purpose of having KM strategies is to improve an organization's competitiveness (Bellaver & Lusa 2002) . Implementation of knowledge management has to be delivered through a number of tools, for example, research collaboration, conferences, seminars, personal interaction, job rotation, the Internet, etc. The final strategy should reflect a company's competitive strategy and is usually decided by the top management.
The two kinds of KM strategy are codification and personalization .
Codification strategy represents knowledge that is stored in database systems. It connects people with information (Palmer & Platt 2005) . Codification formalizes an organization's knowledge for a broad scale of utilization and requires abundant implementation of technology. As a result, anyone in the company is able to access and use the knowledge easily. It is especially suitable for managing explicit knowledge.
Personalization strategy characterizes the situation where the knowledge of an 8 organization is mainly stored in people's brains, and the sharing channel relies heavily on human interaction. Unlike codification, personalization focuses on person to person transfer; technology becomes an instrument for communicating, not gathering knowledge. Transfer of tacit knowledge is more often done using this strategy. The organization is therefore required to invest greatly in its people network (Foray & Gault 2003) . Both strategies can co-exist and the proportion of the two approaches depends on the nature and function of different units under the parent organizations. Hansen et al. (1999) suggested that an 80-20 split should be followed in deciding strategy, that is one approach should account for 80% of the KM strategy, with the other one occupying 20% as a support for the major one. They claimed that most organizations follow the 80-20 split, and the attempt to excel in both strategies will fail. Hariharan and Cellular (2005) suggest the "4 pillars" of KM critical success factors.
Critical Success Factors for KM practice
The first type is leadership, people and culture; the second is KM processes and technology; the third is relevance to business and objectives; and the last is measurement of KM. Koenig (2002) pointed out that the effect of KM should be justified by differences in people's behavior after applying KM, therefore measuring performance is an indicator of success. Cong and Pandya (2003) point out that successful KM practice not only 9 contributes to the awareness and support from managers, but should also raise the awareness and support of staff. The effectiveness of KM can be evaluated through staff involvement and motivation in projects. The greater the staff involvement, the greater the potential for knowledge transfer. Secondly, the ability to consolidate learning from a previous project is crucial. The problem in the construction industry is that employees usually have no time to share and evaluate before going on to the next project (Palmer & Platt 2005) . If more time were spared between projects, individuals would have more time to combine, collaborate and reflect on knowledge obtained from the last project, resulting in a higher quality of knowledge sharing (Fernie et al. 2003; Love et al. 2005) .
Knowledge transfer between projects and the parent organization
The nature of knowledge keeps changing. Tacit and explicit knowledge are transferred constantly between projects and parent organizations (Love et al. 2005) . Figure 1 presents the relationships between a parent organization and several projects, showing the cyclical transfer and reuse of knowledge between the parent organization and projects, as well as the transfer between projects through the organizational memory.
There are three main types of knowledge that result from project-based working: (a) knowledge in projects, (b) knowledge about projects, and (3) knowledge from projects (Love et al. 2005) . "Knowledge in projects" is that knowledge which resides in a project in the form of documentations, meeting repository, discussions and project management system. "Knowledge about projects" is knowledge that is required for executing a project. This knowledge includes project organization design, designing, planning and controlling, project marketing and skills management. Knowledge about 10 end products or materials that satisfies competing requirements and constraints is under this category as well. "Knowledge from projects" is the experiences archived from executing a project. This is in the form of best practices, lessons learned, post-project reviews or after-action reviews. Unfortunately not a great deal of time is spent on the latter, as people are pulled out from a project before it is actually completed, resulting in valuable lessons from the project not being recorded and therefore being lost (Koenig & Srikantaiah 2004) . In some cases, the lessons are collected too late or are forgotten when the review is only carried out at the end of a project.
<< To insert Figure 1 here >>
KM in the construction industry should include the reuse of knowledge within (intra-project) and across (inter-project) projects, and conserving it (Love et al. 2005 ).
According to Kamara et al. (2005) , the sharing of knowledge in a project takes place at three levels: (a) the transfer/sharing of knowledge between different professionals involved in each phase of a project, (2) the transfer/sharing of knowledge between different professionals involved in different stages of a project, and (3) the mutual transfer of knowledge from a project to the organizational knowledge base of each firm involved in a project. Kamara et al. (2005) suggest that cross-project KM is not explicitly undertaken, even if companies identify this problem. In order to manage cross-project KM, companies need to identify the high-grade or core knowledge and make it as explicit as possible.
In addition, they mention that successful transfer of knowledge between different 11 projects depends on the way knowledge is captured and codified. Since people are always treated as the key resources of any organization, they play an important role in knowledge transfer. It is assumed that the acquired knowledge of one project can be transferred through individuals when they are re-assigned to other projects (Love et al. 2005 ). This approach can also be reflected in job rotation, as well as mentoring for junior staff.
Research Methodology
The research was conducted by questionnaire survey. The questionnaire was the most appropriate data source for this research. The reason for using a questionnaire was to investigate the general situations and applications of knowledge management in contracting firms. A generalized picture of the situations was planned from the survey instead of in-depth purposeful studies. From the responses and background information given, we are able to evaluate knowledge management practices at both project and organizational levels in contracting firms. The questionnaire included four sections.
The distribution method used was email, as it is an environmentally-friendly and cost-effective approach as well as a speedy way of delivering and reminding respondents about the survey.
The questionnaire was finally sent to managers at different local contracting firms.
Project managers and other management levels were invited to participate in this research study, as the implementation of knowledge management ultimately requires support from top or senior managers, and they are considered as the group with the best knowledge about their organizations and projects.
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The first step of the survey method was compiling a contact list of project managers from among graduates of the department, current part-time students or students who had previously worked or were currently working in construction firms. An invitation was then sent via email, with an invitation letter and questionnaire as attachments.
Once the target respondents had completed the questionnaire, they were asked to send the attachment back via email. There were 205 emails sent in total, but 11 of them bounced back because the individuals were on leave or the organization's security system screened out the invitation.
The design of the questionnaire was based on a review of the existing literature, as well as making reference to some KM questionnaires available on the Internet. The questionnaire was organized in 6 pages. Although it was rather long, the questions were straightforward and it took about 20 minutes to complete. The research questions were investigated from two perspectives: that of the project and that of the organization.
Projects meant construction projects that the respondents were working on at that moment, while organizations indicated the parent organizations employing the respondents. The purpose of such direction was to determine the differences and similarities in KM applications at these two levels. The questionnaire was divided into four sections as described below. In this research, basic descriptive statistics are used, e.g. frequencies and means. SPSS 12.0 also helps to process data by selecting cases, for example, to interpret results in terms of different respondents' experience.
Research Results and Analysis
205 emails were sent to the target population, i.e. managers at different contracting firms. 11 emails were immediately returned because (1) the target respondent was on leave, (2) there was an automatic delivery failure, or (3) the email address was invalid.
A total of 194 emails were successfully sent to target respondents. 139 completed questionnaires were received. The response rate was calculated as 71.6%, which is a very satisfactory result.
Participants' profile
Of the completed questionnaires received, 90% of the respondents were at managerial level (e.g. director or manager grades). The remainder held positions such as project coordinators, engineers or foremen. Some did not specify the names of their organizations, therefore the distribution of companies' participation could not be counted. In terms of total work experience in the construction industry, 23% had less than 10 years' experience, 38% had between 10 to 20 years' experience and the remaining 39% had over 20 years of experience. As for length of service in their current organizations, 72% had less than 10 years, 18% had been with the same firm for between 10 and 20 years, and the remaining 10% had over 20 years' experience in 15 their current organizations. The respondents were generally experienced practitioners in the construction industry.
Organizational value
From Table 1 Table 1 and trust in each other's professionalism will allow them to achieve these goals.
<< To insert
The great difference between project and organizational values is in trying new concepts, which ranks 9 for project value (mean = 3.56) but 7 for organization value (mean = 3.64). This is understandable, because the principle value in a project is getting the job done on a tight schedule and in spite of the multiple problems faced on site each day. There is relatively little extra effort required to try a new concept or innovation.
Innovation and trying new concepts is not something that can be executed instantaneously; these approaches require support from the organization because ultimately the project is only a sub-layer within the organization. The resources and decision to be innovative, organizational value and strategies are strong elements that determine the value of a project. From the perspective of organizational value, innovation and trying new concepts are more popular than in projects, ranking middle, 6 and 7 out of the total 11 values. Innovation is now regarded as a key success factor for an organization, and creative ideas are seen as a strong parameter for an organization's competitiveness.
Cultural Composition Analysis
The OCAI tool was employed to determine the four culture constructs. This tool has been successfully used in several large organizational culture research studies, including those of Yeung et al. (1991) and Quinn and Spreitzer (1991) . In both of these studies, the reliability of the OCAI tool created confidence that the results produced exceed the reliability of the most commonly used instruments in the social and organizational sciences (Cameron & Quinn 1999) . However, to further assess the internal consistency for this current study, the coefficient alpha reliability estimates of the four culture type constructs were calculated and are reported in Tables 2 and 3.   Table 4 shows which core values contribute to which culture type. Tables 2 and 3 demonstrate the results after taking the average means of each culture type. The comparison of mean score by the four culture types reveals an interesting phenomenon.
The total received score is very close between the two enterprise levels, which suggests that the values to either project or organization are similar, and the difference is only in the composition of culture. Clan culture is the dominant value applied in both projects and organizations, while hierarchy culture is the least often applied. The market culture is more popular in projects than in organizations, whereas the adhocracy culture is more common in organizations than projects. Table 2 here >>   << To insert Table 3 here >> << To insert Table 4 This again proves that Hong Kong's construction industry is a people-based industry, in which interaction among project stakeholders is highly appreciated and encouraged.
<< To insert
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It is quite surprising that Respect for people has a rather low ranking. Although it is a value considered typical of Clan culture, it only ranks 8 for both project and organization values, despite the fact that other items of Clan culture have a higher score.
The result obtained does not signify that respect is not necessary; it simply reflects the fact that even if a relationship is close in a project or organization, there might be different personal values and beliefs, or different personal or organizational objectives have affected respect among people. However, senior management should be aware of this phenomenon because it will be difficult to manage people if employees lack respect for one another, a situation which can occur at any time and does not only apply to KM.
There is a distinct difference in mean score between the items in "Market" culture.
Getting the job done ranks 1 and 2 in projects and organizations respectively. In contrast, Outcome excellence ranks 10 and 11, almost the lowest priority. The low score indicates that the construction industry places more emphasis on getting the job completed than on making the job outstanding.
Respondents indicated that the adoption of Hierarchy culture is the minimum (mean = 3.45) at both levels. This score is still slightly above neutral. Hierarchy culture establishes rules and provides a stable workplace. On top of that, the lowest mean value of Hierarchy culture does not suggest that hierarchy is not essential. Analysis and control, stability and continuity are basic elements for the development of an organization and project, therefore awareness of these two values maybe undermined by participants.
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Knowledge Flow Different means of knowledge flow are grouped under codification or personalization in Table 5 . Table 6 shows the mean score obtained for different means of knowledge flow on a 5-point scale. The former approach emphasizes codifying knowledge, whereas the latter relates to people and networks as means of knowledge transfer. The score ranged from 1.95 to 4.31 in projects and between 2.26 and 4.46 in organizations.
Staff meeting / group meeting received the highest score for both projects and organizations at 4.31 and 4.46 respectively. This shows that no matter how advanced the technology, the most traditional mode of interaction, i.e. face to face meeting, is always the most popular approach to communicating and sharing within projects and organizations. Table 5 Table 6 here >>
<< To insert
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When comparing the direction of the KM strategy, the pattern in The overall values obtained for codification and personalization strategies at the project and organization levels are very similar, with each strategy including some more popular and less popular approaches. At the project level, the difference in the aggregated score is 0.62, and at the organization level it is 0.48. The contrasts in the two strategies between both enterprise levels are very small.
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In this research, the distribution of codification to personalization is 50.6% and 49.4%
at the project level and 49.5% and 50.5% at the organization level. The proportion is nearly 1:1. Although the result does not match with the 80-20 split suggested by Hansen et al. (1999) , the 50-50 straddle fits the balance suggested by .
We believe that the direction of knowledge flow can be personalization or codification because neither of them dominates, rather the mixed use of personalization and codification is more significant. They are both equally important and have contributed to knowledge sharing within both projects and organizations.
KMS Success Factor
The mean scores of KMS success indicators in projects ranged from 3.21 to 3.97 on a 5-point scale (Table 7) . This shows that KMS success in projects is rather neutral.
However, in comparison to the KMS success indicator in organizations, the result is slightly higher. All KMS success indicators received for projects were higher than those of organizations, except in the case of IT infrastructure and multiple ways to capture knowledge. The KMS success factors in organizations ranged from 3.44 to 3.82.
The top success factor in both domains was the support of KMS from project management (mean = 3.97) and organization management (mean = 3.82). KMS provides benefits to organization shared the highest score with support of KMS at the organization level. Concerning the multiple ways to capture knowledge, answers from respondents were quite extreme, ranking from 7 th place for projects to 3 rd place for organizations. This can be explained by the nature of projects. Projects are temporary tasks, therefore if more channels are required to obtain knowledge, investment will 23 consequently be increased. From the profitability point of view, organizations prefer having basic channels only, resulting in the fewer resources supplied (concerning channels for capturing knowledge) at project level. Respondents may therefore sense less support there. Table 7 here >>
<< To insert
The second to fourth KMS success factors at project level are KMS provides benefit to project, flexible structure and IT infrastructure, whereas at organization level they are IT infrastructure, multiple ways to capture knowledge and flexible structure. It is quite surprising that the people infrastructure is not considered to be among the top four KMS success factors, even though personalization is a top priority as a means of knowledge flow. When adding the seven items into aggregated success, the score is 25.58 for projects and 25.55 for organizations. The difference is only 0.03. This again proves that success factors and success levels are very similar between the two enterprise levels.
Participants' comments on KM
The last question on the questionnaire invited respondents to comment on the implementation of knowledge management in the construction industry. Some respondents reflected that the lack of resources is the main difficulty in implementing KM. Some suggested that people always make same mistakes but never learn from one project to another. A project manager frankly admitted that knowledge management
had not yet been started in his organization; the need was realized but the development had never been carried out. He emphasized that it is always "easy to know but hard to 24 work out"; a clear direction, decision and action strategy are always lacking. These opinions indicate that KM has not yet been systematically introduced to employees, and that the main barrier is the lack of resources deployed by organizations, i.e. money, time, etc. The comments given are usually positive towards knowledge management.
However, even if employees realize its importance, if organizations do not take the initiative to implement KM, its effect will be limited. Another interesting piece of feedback, which coincides with the findings of Cameron and Quinn (1999) , is that KM requires a 'champion' to drive the implementation successfully, which again implies that a leader or other form of support from senior management is critical.
Some practitioners suggested that the application of KM reflects an organization's culture. They considered that sufficient training and information should be provided to staff, the lack of training being cited as one reason why KM is not realized . One construction manager believed that KM is an effective and useful tool but is not widely used in the construction industry, especially among local construction firms. One of the reasons may be that Hong Kong's construction industry is traditional and conservative, lacking the necessary vision to drive the industry forward.
Theoretical and practical implications
Although there exists a large body of literature about knowledge management, knowledge flow and organizational culture, there is a dearth of information regarding knowledge management specifically in a project-based industry like construction. It is hoped that this research will contribute to this body of literature in knowledge and project management.
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This study has great implications in relation to the concepts of organizational culture types, strategic approach for knowledge flow, and the success of KM systems at two different hierarchical levels, i.e. the project and organization levels. It appears that different organizational culture types may call for different knowledge management strategies. Identifying the need is an important step toward developing the theory, but much research is still needed in this area.
Theoretical study is needed to explore how codification and personalization are employed at both project and organization levels in contracting firms in the construction industry. This research found that they were employed as a hybrid and balanced approach and that they generally complement each other. There is a great need for research on knowledge flows within and across projects and how to make them successful, as such literature is lacking.
Critical areas of study include how to create, capture, transfer, share, store, retrieve and understand information and knowledge in projects. Researchers need to better understand how to get from tacit to explicit knowledge and how to allow for personal experience and expertise to be shared through project networks. This growing interdisciplinary research field provides a rich library of literature from which both knowledge management and project management could benefit.
Project-based organizations can learn from this study that knowledge flow and knowledge management success are greatly impacted by organizational culture types.
In order to successfully transfer and retain knowledge within and across projects and organizations, senior management should recognize and plan for this need in order to 26 keep from losing valuable project and organizational knowledge. In addition, cultivating the right organizational culture to encourage knowledge sharing among project networks should be greatly encouraged.
It was interesting that the use of information and communication technology was not seen as the most critical factor by most of the survey respondents. With rapidly changing information technologies and the complex knowledge required for performing project work, the dynamic of the workforce is changing as well. Delong (2004: 16) pointed out that, "knowledge-intensive work today is much more interdisciplinary, often requiring the integration of expertise across a wide range of subjects". A wealth of tools and techniques are available for project organizations to leverage for knowledge management, and additional research should be done regarding the use of these tools throughout the life cycle of projects. Good knowledge management will surely boost the image of the construction industry with the better re-use of valuable knowledge, avoiding the repetition of mistakes/defects in the short term and promoting innovation in the long run.
Conclusions
This research investigated knowledge management at project and organization levels in Hong Kong's contracting firms. Three main areas were studied: organizational value, knowledge flow and KMS success factors. The organizational value was analyzed according to mean scores, rankings and the four cultural models. The four models of culture are the Hierarchy, Market, Clan and Adhocracy cultures. The popularity of the models and the composition of each model were analyzed. Clan culture is the most popular at project and organization level, thus this finding shows that the culture of 27 contractor firms depends on teamwork and networks/people. This emphasizes that the construction industry, besides being a project-based industry, is also a people-based one.
The investigation of knowledge flow presents the KM strategy applied in construction projects or organizations. The two main KM strategies, codification and personalization, were found to be employed in projects and organizations in a nearly 50-50 mix, which indicates that these two strategies are equally important for KM, 
